DAS VERHALTEN DER PYRIDINGRUPPE 
BEI DER ELEKTROCHEMISCHEN 
OXYDATION. NICOTIN. 


Von Moriaki YOKOYAMA. 


Eingegangen 28. Januar 1932. Ausgegeben 28. April 1932. 


Die Oxydation des Nicotins mit den iiblichen chemischen Agentien ist 
bereits von einigen durchgefiihrt worden, aber, soviel wir aus 
der Literatur entnehmen konnten, wurde das Nicotin (III) bisher noch nicht 
der Einwirkung des anodischen Sauerstoffs unterworfen. Nachdem nun 
neuerer Zeit von uns die elektrochemische Oxydation von Pyridin® (I) und 
(II) untersucht worden war, schien uns beson- 
ders interessant, das Verhalten des Nicotins gegenueber dem Anodensauer- 
stoff kennen lernen. 


Beschreibung der Versuche. 


Nicotin (Kahlbaum; sp. Gew. 1.0111) wurden 175 2-N. 
und einem Tondiaphragma einer cylindrischen 
voroxydierten Bleianode mit 0.04 anodischer Stromdichte unter 
starker Riihrung oxydiert, wobei die Temperatur durch dussere Kiihlung 
bei ca. 20°C. gehalten wurde. Die Kathode, ein Platinblech 2-N. Schwe- 
umgab das Tondiaphragma. Die durchgefiihrte Strommenge be- 
trug F/Mol. 

Der Anolyt sich erst violett und wurde nach dem Durchsenden 
von etwa F/Mol tiefrot. Aber die Farbe verblasste wieder 
des weiteren Verlaufes der Elektrolyse bei langerer Elektrolyse 


Soc. Chim., [2], (1880), 449; Blau, Ber., (1894) 2535; Pinner Wolffenstein, 
Ber., (1891), 61; Pictet, Chem. Centr. 1898 II, 677; Winterstein, Physiol. Chem., 
100 (1917), 181. 

Yokoyama und Yamamoto, dieses Bulletin, (1932), 28. 

Yokoyama, ibid., (1932), 69. 
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wurde der Anolyt schliesslich farblos. 
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Die gasformigen Reaktionsprodukte: ein Bild von der Art 

und dem Verlauf des Oxydationsprozesses erhalten, analysierten wir die 
dem Anodenraum entwickelten Gase der Elektrolyse nach der 
bei der elektrochemischen Oxydation von Pyridin 
Die folgende Tabelle zeigt einen typischen Versuch. 


Table 
auerstoff- aufgefangenen Gase 
(ccm.) ccm.) —— | /0 
0.5 79.8 7.8 30.8 94.2 
81.9 11.7 89.8 99.5 
1.5 78.8 19.2 10.9 98.9 
80.1 28.8 8.3 97.8 
2.5 80.7 43.5 81.4 13.1 15.5 93.7 
| | 
3.5 84.0 61.8 73.0 1.7 81.5 
81.0 62.7 63.1 32.0 4.9 
81.3 68.4 46.5 44.8 8.7 62.3 


Wie aus der Tabelle ersichtlich ist, werden Kohlenmonoxyd und Kohlen- 
dioxyd erhalten und die Stromausbeute ist Anfang fast theoretisch, 
sinkt aber Verlauf der Elektrolyse ziemlich schnell. Aus diesen analy- 
tischen Daten kann man vielleicht folgern, dass der Pyrrolidinring der 
Nicotinmolekel zuerst aufgespalten wird. dem Masse, wie sich dieser 
leichter oxydierbare Teil den Molekeln verringert, geht der Verbrauch 
elektrolytisch entwickeltem Sauerstoff zuriick. 


Die Aether leicht loslichen Produkte: Nach beendeter Elek- 

trolyse wurde der Anolyt unmittelbar mit Aether ausgeschiittelt. Die 

hinterliess nach Entfernung des Aethers eine nach Ameisen- 
riechende, gelb Fliissigkeit. Nach dem Abdestillieren der 
(Ausbeute: als Bariumformiat fiir einen Versuch) 
erstarrte die des Aetherriickstandes Krystallnadeln. Diese 
wurden auf Ton von anhaftenden Verunreinigungen (gelbliches Harz) befreit. 
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Die Ausbeute war sehr aus drei Einzelversuchen. Diese 
Substanz konnte durch zweimalige Umkrystallisation aus Wasser weissen 
Tafeln erhalten werden. Die Krystalle reagierten sauer, zeigten sich leicht 
léslich Wasser, Alkohol und Aether, sich beim mit 
gelbrot mit gelbgriiner Fluorescenz, und schmolzen bei 
131°C. Auf Grund dieser Beobachtungen muss der Stoff als 
betrachtet werden. 


Die mit Wasserdampf fliichtigen Produkte: Die mit Aether ex- 
trahierte Lésung des Anolyten wurde hierauf mit Bariumcarbonat gegen 
Lackmus zur Abscheidung der Sulfationen neutralisiert. Das Filtrat vom 
Bariumsulfat und iiberschiissigen wurde Vakuum und 
Stickstoffstrom zur Trockne die Vorlage enthielt zwecks Auf- 
nahme der fliichtigen Gase etwa 100 verdiinnter Das 
Destillat wurde wieder zur Trockne wurden 0.83 gr. 
salzsaures Salz erhalten. Wir haben die Salze mit Goldchlorid 
versetzt, das gebliebene Nicotin abzuscheiden. Die 
hellgelbe aus Wasser weiter umkrystallisiert, schmolz bei 

Aus den Mutterlaugen dieser liess sich beim Einengen kein 
einheitliches Produkt mehr abscheiden. Wir haben daher aus dieser 
sigkeit mit Schwefelwasserstoff das Gold entfernt und die wieder erhal- 
tenen salzsauren Salze mit Platinchlorid versetzt; auf diese Weise gelang 
uns, eine geringe Menge von Ammoniak Form von Platinsalmiak 
(Ausbeute 0.15 gr. fiir einen Versuch) abzutrennen. der Platinfallung 
haben wir wieder die Goldfallung durchgefiihrt, indem wir nach der Ent- 
fernung des Platins mit Schwefelwasserstoff die wieder erhaltenen salzsauren 
Salze mit Goldchlorid versetzten. erhielten wir schliesslich gelbe nadel- 
Krystalle, die sich als Methylamingoldchlorid (Ausbeute: 
fiir einzelne Versuche) erwiesen, dessen Analyse nach dem Trocknen 
Vakuum folgende Werte ergab. 


0.1022 gr. Subst. gaben nach 0.0542 gr. Au. Gef.: 
Ber. fiir 


Das bei der Neutralisation von Anolyt mit Barium- 
carbonat entstandene Bariumsalz wurde mit auf dem 
Wasserbade behandelt, Bariumcarbonat und die elektroly- 
tisch entstandenen schwer dicarbonsauren Bariumsalze Barium- 
chlorid verwandeln, und abfiltriert. Das Filtrat wurde nach dem Trocknen 
mit absolutem Alkohol behandelt. Alkohol gelésten Substanzen 


(1) Pinner, Ber., (1915), 181. 
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konnten wir leicht und mit Wahrscheinlichkeit 
nachweisen. 


Die mit Wasserdampf nicht fliichtigen Produkte: Der Riickstand 
vom Eindampfen war eine braune, harzartige Masse. Diese wurde 
mit einer kleinen Menge von heissem Wasser aufgenommen auf diese Weise 
ging die Hauptmenge ein wenig amorphe violette 
Substanz zuriickblieb, deren Natur wir bis heute noch nicht infolge der 
geringen zur Verfiigung stehenden Menge identifizieren konnten. Die nach 
der oben Methode erhaltene wurde bei einer Temperatur 
von 80°C. mit einer von Kupferacetat versetzt. Nun 
fiel ein blaugriines, ziemlich schweres, undeutlich krystallinisches Kupfersalz 
(Ausbeute: 1.1 gr. fiir den einzelnen Versuch) aus, das nach dem Erkalten 
durch Filtration von der Lésung getrennt wurde. Das Kupfersalz wurde 
mit Schwefelwasserstoff der Siedehitze zerlegt und lieferte nach dem 
Eindampfen eine gut krystallisierende die nach dem Entfarben mit 
Tierkohle und mehrmaligem Umkrystallisieren aus Wasser farblosen, 
bei 229°C. schmelzenden Nadeln, welche beim vorsichtigen 
Erhitzen unzersetzt sublimierten, erhalten wurde. 

Von kaltem Wasser wurde sie nicht, von heissem Wasser nur schwer 
verursachte der Lésung keine Farbung, 
erst beim trat die fiir charakteristische 
ein. Das Kupfersalz wurde nach dem Trocknen bei 100°C. einer Kupfer- 
Bestimmung unterworfen. 


0.1321 gr. Subst. gaben nach dem Abrauchen 0.0339 gr. 
Gef.: Cu=20.62%. Ber. fiir Cu: Cu= 20.51%. 


Die von dem nicotinsauren Kupfer abfiltrierte Lésung wurde mit Schwe- 
felwasserstoff entkupfert. Das Filtrat wurde Vakuum Stickstoffstrom 
zur Trockne eingedampft zur Entfernung der aus Kupferacetat entstandenen 
der Wasser aufgenommen wurde. Der dieses Syrups setzten wir 
nach dem Filtrieren eine kalt 
die darin enthaltene Base Form des Pikrats abzuscheiden. Anfangs 
erhielten wir das Pikrat als gelbes Produkt, das der iiberschiissigen Base 
war und daher dickes Oel ergab. 

Erst wenn ein Ueberschuss von hingefiigt wurde, sich 
der Niederschlag nicht mehr auf. bildete sich eine harzartige, schmut- 
zigbraune Fallung (P), die sich bei ruhigem Stehen den des 
Becherglases absetzte. Nach dem Einengen der milchigen dariiber stehen- 
den Vakuum wurde braungelb Oel ab- 
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geschieden, das nach dem Erkalten einer krystallinischen Masse erstarrte. 
Dieser wiederholt aus Alkohol umkrystallisiert, stellte gelbe kleine 
prismatische Nadeln dar, die bei 150°-159°C. schmolzen. Das Pikrat wurde 
nach dem Trocknen der Analyse unterworfen, die folgende Werte ergab. 


Subst. 0.2836; CO,= 0.4304; Gef.: H=3.66%. 
Ber. fiir Co2H9015N3: Cc = 41.50; H => 3.17 %. 


Nach diesen Beobachtungen handelt sich wahrscheinlich das 
Oxynicotin von Pinner und Ueber die Natur des oben 
geschilderten, amorphen Pikrats (P), dessen Schmelzpunkt 
63°-68°C. war, konnten wir bis jetzt wegen Substanzmangels keine klare 
Vorstellung gewinnen. 


Zur Kontrolle haben wir elektrolytisch oxydiert, 
nach obigen Versuchen anzunehmen ist, dass die Abbauprodukte durch 
weitere Oxydation der entstanden sind. Wie bei der elektro- 
chemischen Oxydation von wurde, haben 
wir auch bei der Oxydation von Kohlendi- und 
monoxyd, Ammoniak, ein wenig und kleine 
Menge von Mono-, Di- und Trimethylamin erhalten. 


Schlussfolge. 


Die elektrochemische Oxydation des Nicotins verdiinnter Schwefel- 
lieferte also Produkten das oben 
Oxynicotin, und bei der weiterer Oxydation dieses letzteren 
Methylamin und Der Haupt-verlauf der elektro- 
chemischen Oxydation liess sich durch nachstehende Formeln wiedergeben. 


Zusammenfassung. 


(1). Oxydation des Nicotins der Bleidioxyd- 
anode verdiinnter wurden die folgenden Oxydations- 
produkte erhalten: Oxynicotin, 
Methylamin, Kohlendioxyd, Kohlenmonoxyd und wahrscheinlich 


(1) Ber., (1895), 460; (1901), 2412. 
Dieses Bulletin, (1932), 71. 


wurde bei den gleichen Bedingungen wie bei der 
Oxydation des Nicotins elektrochemisch oxydiert, und ergab 
Ammoniak, und kleine Mengen von Mono-, Di- und Trimethylamin. 


kinetische Verlauf der Gasabscheidung der Anode wihrend 
der Elektrolyse wurde analytisch verfolgt. 


Technische Hochschule, Yokohama. 
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Introduction. 


have been described tungsten. H.Moissan and 
furnace above 2000°C., was formed, this case, only when excess 
iron was added. result has been written many books and seems 
still generally believed. W.Hempel and heated the 
compressed mixture metallic powders with carbon black high 
temperatures, but they did not find carbide containing more carbon than 
J.N. Pring and got heating carbon rod 
gas above 1500°C. Ruff and melted the mixed 
powders tungsten and carbon electric furnace above 2750°C. 
vacuum the atmosphere hydrogen. They could not get higher 
carbide than WC. quenching the molten mass containing both and 
W:C ice-water remained undecomposed. But when the quenching 
was done little slowly some decomposed into and free carbon. 
They believed, besides, the existence M.R. heated 


Moissan, Ann. chim. phys., (1896), 8,570; Compt. rend., 116 (1893), 1225; ibid. 123 
(1896), 13. 

Williams, Compt. rend., (1898), 1722; ibid. 127 (1898), 410. 

Hempel and angew. Chem. (1904), 296, 321. 

Pring and Fielling, Chem. Soc., (1909), 1497. 

Ruff and Wunsch, anorg. Chem., (1914), 292. 

Andrew, Phys. Chem., (1923), 270. 


108 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


Quantitative Separation from W.C and Tungsten, 109 


tungsten filament the atmosphere naphthalene etc. above 1600°K. 
Free carbon deposited upon the filament and diffused into it. The electric 
resistance-composition curve proved clearly the existence and 
but denied any higher carbides and C.A. got from 
decomposes into and carbon strong heating closed vessel. 
From these literatures can conclude following 


(a) There carbide richer carbon than WC. 

(b) Two carbides, and were proved really exist. 

(c) formed only very high temperatures presence 
excess iron. decomposes into W2C and carbon cooling. 

(d) most easily obtainable. 

(e) Ruff and Wunsch believed the existence WsC, but from insuffici- 
ent evidence. Andrews showed, the contrary, exactly that does not 
exist. Other authors did not describe it. that may quite natural 
deny its existence. 

The samples prepared previous investigators were all mixtures 
WC, and They found total carbon, tungsten and free carbon 
analysis and calculated the combined carbon. But they could not know the 
percentages and Their conclusions were, therefore, very 
ambiguous. this paper analytical method find directly the 
percentage the mixture was developed, and hence those and 
were also calculated. And the conditions formation the two 
tungsten carbides were found. 


Experimental. 


Preparation Pure WC. The most reliable method ever known get 
melt WO; with carbon presence excess iron. The 
samples used the experiments were prepared the following two ways. 

(a) Powder ferro-tungsten containing 80% was mixed with 
carbon black and melted carbon crucible. After cooling was 
powdered and analysed. 


Total carbon 4.38; Free 


(Total carbon was determined ordinary way combustion 
adding CuO powder. sample was taken platinum dish and the mix- 
ture moderate HNO; and cone. was added. After the reaction was 


(1) Matignon, Compt. rend., 177 (1923), 1290. 
and Phragmen, Nature, 113 
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completed, the acids were removed evaporation. The excess ammonia 
was then added and the solution filtered through asbestos wool. Free carbon 
caught asbestos was dried and analysed combustion with oxygen.) 
The sample was ground very finely agate mortar and the greater 
water bath After the residue was washed with water and dried, 
was subjected magnetic separation. The residual sample containing 
about per cent. iron was heated about 580°C. the atmosphere 
chlorine gas; lost about per cent. its weight this refining process. 
After washing with dilute ammonia and water was dried and analysed. 


Total Free carbon= Trace; Fe=0.16%. 


(b) Tungsten powder mixed with per cent. carbon black was 
heated carbon crucible about 1800°C. The product was powdered 
and treated three times the same way. The analysis the final product 
was follows. 


Total carbon 5.98; Free carbon= 0%. 


was then ground very finely and heated 580°C. atmosphere 
chlorine gas, lost 5.6 per cent. its weight. was washed dilute 
ammonia and water and analysed after drying. 


Total carbon 6.10; Free 0.12%; Fe=nil. 


Considering from the results the previous investigators and from the 
above analyses, certain that the samples prepared the both processes 
(a) and (b) are pure WC. 


New Analytical Method Separate Quantitatively from W2C 
Principle: Tungsten and react with chlorine gas and sublime 
relatively low temperatures, but does not react until higher tempera- 
tures. This difference reacting temperatures (or reaction velocities) was 
studied accurately and applied for the quantitative separation from 
the others. 

Experiment: The apparatus shown Fig.1. Chlorine gas from 
bomb was dried passing through conc. sulphuric acid and introduced into 
the reaction tube. Care was taken each time place the hot junction 
the thermocouple, sealed thin porcelain tube, just above the center 
the boat. When the required temperature was reached, the boat which had 
been kept cold part the reaction tube was placed under the hot junc- 
tion the thermocouple. After definite time (80 minutes) the heating 
current was cut off and the furnace was allowed cool, still passing chlorine 
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Bottle containing dilute alkali 

Boat for sample 
Hot junction thermocouple 


Electric resistance furnace 
Reaction tube 
U-tube collect the sublimed 
product 


Fig. 


gas. The weight decrease the sample was determined weighing the 
boat before and after the experiment. The sublimed product was collected 
and and analysed occasionally check the result. 


The Reaction WC: Two samples (a) and (b) previously described 
were tested. The results areshown Fig.2. The decreases weight 
expressed percentage the initial weight are taken ordinates, while 
the temperatures abscissae. The tungsten which was sublimed 800°C. 
and collected together was This amount well coincides with 0.439 


gr. the weight decrease. 


The Reaction Tungsten: Two 
samples were tested. (a). Tungs- 
ten powder from Merck Ger- 
many was reduced hydrogen 
1000°C. (b). Powder tungstic 
acid from Merck was re- 
duced hydrogen 1000°C. The 
results are shown Fig. 


The Reaction W2C: 
most easily obtainable among tungs- 
ten carbides. Two kinds sam- 
ples were prepared. (a). Tungsten 
powder was mixed with 3.3 per cent. 
carbon black and heated 
carbon crucible about 1600°C. for 


Weight Decreases. 


100 


Reaction Temperatures. 


Fig. 
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one hour. The greyish outer zone the obtained mass was removed after 
cooling and the central part yellowish brown was ground agate 
mortar. The elutriated and dried powder was reduced hydrogen 
1000°C. (b). The second product had also greyish outer zone but its 
central part was coloured from green blue. The blue part was collected 
and treated (a). The results analyses were following. 


(a) Total carbon Free 
(b) Total carbon 2.61; Free carbon=0%. 


These samples consist, doubt, mainly W2C, but some and 
tungsten may also contained. The results experiments shown 
Fig. 

The Reaction Carbon: The reaction residue (in 
900°C. was weighed 2.61 per cent. the initial weight and was found 
analysis contain 96.0 per cent. carbon. may concluded, there- 
fore, that both free and combined carbon are not lost when heated such 
high temperatures chlorine gas. separate experiments carbon was 
also observed not decrease its weight heating 800°C. chlorine 
gas. From the curves Fig. the following conclusions may drawn. 

does not react with chlorine under 600°C. The reaction begins 


600°C. and completes about 800°C. 
Tungsten reacts fairly 400°C., vigorously 500°C. and the reac- 


tion completes under 550°C. 
seems react little lower temperature than tungsten and 


the reaction completes under 550°C. 


must, hence, quantitatively 
separated from and tungsten 
heating the mixture chlorine gas 
about 580°C. Some examples 
nalyses will given the next lines. 


Example WC+W (50% 


and W(a) were mixed and ground 
agate mortar and heated chlorine 
gas various temperatures for 
minutes. The results are given 

Reaction Temperatures. the powder contains per cent. 
Fig. 
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Example WC+W 92.6%) 


595°C., Exp. Exp. 
minutes. Decrease 
weight, 92.5 92.6 


595°C., Exp. Exp. 
minutes. Decrease 
weight, 6.3 6.5 


The results are plotted Fig.3. The decrease weight 580°C. 
per cent. This shows that the powder contains per cent. WC. 


Thus, was confirmed that the new method fairly reliable for the 
application the quantitative separation from the mixtures 
tungsten carbides and tungsten. The percentages W2C and may 
accordingly calculated. 


Conditions Formation the Two Tungsten Carbides (WC and 
The mixed substances prepared under various conditions were 
analysed the above analytical method and the conditions formation 
the two carbides were studied. The results are summarized the next 
table. The last two samples were made the following way. Tungsten 
powder mixed with per cent. carbon black was heated carbon 
crucible various temperatures for one hour. The product was cooled 
very slowly, and its central part was ground agate mortar, elutriated 
and reduced hydrogen 1000°C. 


1600°C. 2.41 3.8% 68.9% 27.3% 


Sample (b) 


The following conditions may concluded from this table concerning 
the formation carbides. 
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low temperatures the one chiefly formed hemicarbide 
monocarbide (WC) formed only slightly and considerable quantity 
tungsten remains uncombined. 

With rise temperature the content increases rapidly and 
that uncombined tungsten decreases proportionally. 

formed high temperatures remains, for the greater part, 
undecomposed even after very slow cooling. 


can formed even when excess iron not present. 


Research Laboratory, Mitsubishi Co. Ltd., 
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was who first studied the volatile constituents the teak 
wood and isolated crystalline component quinonic nature which 
named According Romanis, this substance had com- 
position melted 171°C., and represented anthraquinone de- 
rivative. His studies, which were made early 1887, were rather 
limited and remained altogether unsettled whether his view for this 
substance was correct not. The chemistry this substance, somehow 
other, was left untouched for nearly half century ever since, when the 
present authors, happening possess quantity reliable material, took 
this old problem, and after series experiments, have last succeed- 
establishing the true nature tectoquinone, the detailed account 
which will reported the following. 


teak saw dust extracted with ordinary organic solvents such 
aleohol, acetone, petroleum ether, benzene, toluene, about 
viscid semisolid resinous mass will obtained. These extracts, distilla- 
tion with superheated steam, give small amount golden yellow needle- 
like together with large quantity aqueous distillate. These 
crystals represent Romanis’s tectoquinone, melt exactly 171°C., and show 


114 
all the behaviours tectoquinone described him. After repeated 
(1) Romanis, Chem. Soc., (1887), 869; Proc. Chem. Soc., (1888), 116. 
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purifications, became almost colourless, and its melting point rose 
175°C. This process is, however, extremely slow and uneconomical 
account the poor volatility the substance question, the authors 
tried the other way, viz., the dry distillation. result, oily distillate 
strongly empyreumatic smell was obtained, from which tectoquinone 
could isolated standing for while place. The yield the 
crystalline component amounted 0.5 referred the weight the 
starting material used. 

These also melted 171°C. first, and was bright golden 
yellow colour, but after purifications they became colourless and melted 
175-176°C. testing the mixded melting point these crystals with those 
obtained steam distillation, the authors could prove the identity these 
two. Romanis, his paper, expects tectoquinone structurally iden- 
tical with retene quinone the present day, which, his time, was yet 
unknown, but such not the case, now that retene quinone already known 
which every respect differs from tectoquinone. Moreover, according 
the authors’ analyses, the hydrogen content tectoquinone turned out 
much smaller than corresponding Romanis’s proposed formula 
quinone repeatedly with excess chromic acid, only one carboxylic acid 
resulted. This acid, heating with soda-lime, yielded ordinary anthra- 
quinone, whereas, preliminarily reduced and then treated with soda-lime, 
gave anthracene. Comparison the derivatives these carboxylic 
acids with those anthraquinone and anthracene carboxylic acids led 
the conclusion that tectoquinone should represent anthra- 
quinone. The following table shows the melting points such derivatives 
are related the chemistry tectoquinone. For the sake brevity, 
the names tectonic acid’’ and are 
used represent the carboxylic acid produced oxidizing tectoquinone, 
that which obtained reducing the former, and the hydrocarbon which 
formed completely reducing tectoquinone, respectively. 


Table 


Substance Melting Point 
Tectoquinone 175-176° 
Tectonic Acid 
Tectonate 
Tectonate 
Chloride 
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Substance Melting Point 
Hydrotectonic Acid 
Ethyl Hydrotectonate 
Hysrotectonic Acid Amide 
Tectonene 
166-167° 


Acid 
Acid Methyl Ester 
Acid 


Acid 
Acid Ester 
Acid Chloride 
Acid 
Anthracene-$-carboxylic Acid Ethyl Ester 


Acid Amide 


reduction tectoquinone with and ammonia, hydrocarbon, 
tectonene resulted, which all probability identical with 
anthracene. This hydrocarbon, treatment with bromine, gave difficultly 
recrystallizable dibromide, which after careful purifications melted 
167°C., agreeing with the melting point 
cene. The reduction tectoquinone means tin and hydrochloric acid 
glacial acetic acid solution led the formation unstable, difficultly 
crystallizable substance undefined melting point, the analytical data 
agreeing with the composition probably identical with 
anthrone. The handiest product reduction this case 8-methyl-anthra- 
hydroquinone, which can easily obtained form its diacetate 
boiling tectoquinone with zine dust and anhydrous sodium acetate acetic 
anhydride. This diacetate melts 217°C. and its identity such was 
proved observing the mixed melting point with known sample the 
substance prepared from 


(1) Fischer, Sapper prakt. Chem., (1911), 202. 
(2) Kempf, prakt. Chem., [2] (1908), 257; Bérnstein, Ber., (1882), 1821; 
Link, Ber., (1883), 695. 
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Nitration tectoquinone afforded crystalline needles 
melting 263-265°C., the analyses agreeing with the composition 
and was proved identical with 1-nitro-2-methyl-anthraquinone. 


Aside from tectoquinone, crystalline hydrocarbon, m.p. 
was obtained from the oily distillate dry distillation which was identified 
but the hydrocarbon melting 94°C., which Ro- 
manis had reported have isolated, could way found the present 
case. Also, attempts were made, catch the oxy-derivatives directly from 
the wood extraction with dilute alkali, but proved altogether fruitless. 


Experimental. 


Extraction Teak Saw Dust. 100 Gr. each teak saw dust was ex- 
tracted means 500 each various solvents the warm under 
reflux for six hours, and then the solvent evaporated, when 4.2 9.2 gr. 
blackish semisolid resinous mass was left behind. All these residues melted 
around 100°C., and cooling, coalesced into vitreous masses from which 
crystalline component could separated filtration, recrystallization, 
vacuum distillation. Only prolonged distillation with superheated 
steam, however, was possible liberate the volatile crystalline substance, 
but required too long time practicable. The crystalline substance 
obtained represented golden yellow needles with silky lustre, not uncon- 
taminated with resionus impurities, but melted exactly 171°C. stated 
Romanis. This was then purified recrystallization from glacial acetic 
acid containing little chromic acid destroy resinous impurities 
present. After repeated treatments the melting point the pure product 
rose 174-175°C. and became almost colourless. The yield such pure 
product amounted 0.3 referred the whole weight teak was dust 
used. 


The Dry Distillation. preliminary experiment with 100 gr. teak 
saw dust has shown that the product dry distillation was practically the 
same the case Romanis. They came over the following propor- 
tions 


Water and 


The dark brown tar consisted for the most part phenols and acids, 
the greater part dissolving dilute alkali with evolution heat. was 
shaken with ether and dilute alkali several times and the neutral ethereal 


118 Kafuku and Sebe. 


solution remaining behind was evaporated the water-bath. The gruel- 
like mass thus obtained, cooling, congealed into vitreous mass conglo- 
merated with crystalline needles. This was then fractionally distilled under 
mm. pressure, when the following fractions distilled over 


150° 150-190° 190-235° 235°-265° Residue 


The first fraction represented yellow-coloured mobile liquid with the 
peculiar odour the teak wood, while the second fraction was more viscous 
than the former and cooling deposited small quantity beautifully 
yellow-coloured needles. The third fraction was practically solid while the 
fourth was dark brown viscous oil with little crystalline precipitate 
it. The third fraction was weell-cooled and freed from the adhering oily 
matter allowing drain the porous porcelain plate, the crude 
crystals obtained this way were recrystallized from glacial acetic acid 
which little active carbon had been added. The pure product thus obtained 
showed melting point and was proved identical with 
tectoquinone 


Thus, from 150 kg. teak saw dust, about 400 gr. such crystals 
were obtuined, purified above-stated, and were used the experiments 
described below. 


Properties Tectoquinone. ordinary temperatures, tectoquinone 
represents pale yellow needle crystals with silky lustre, which melt 
176°C., and boil under pressure. Under atmospheric 
pressures sublimes but with decomposition. soluble most organic 
solvents such alcohol, ether, benzene, acetone. also slightly 
soluble hot water. does not react with hydroxylamine semicarbazide. 
When shaken with zine dust and concentrated ammonia water, deep blood- 
red colouration ensues, but quickly discolours exposure the air and 
the original substance can recovered unchanged from the solution. 
neither alcohol nor phenol, but represents anthraquinone derivative. 
The colour reaction for phenanthrene was tried but with negative results. 


Anal. Subst. 0.0912, 0.0958; CO,= 0.2706; 0.2844; 0.0418 gr. 


The Crystalline Substance from Lower Fractions. From lower boiling 
fractions crystalline component was obtained which after due puri- 
fications melted boils little lower than tectoquinone, viz., 
190-200°C. under mm. pressure. sublimes easily heating 
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vacuo and gives bluish green tiny needles which fluoresce. dissolves 
easily hot alcohol acetic acid from which can recrystallized. Its 
dilute solutions also fluresce beautifully. 


Anal. Subst. 0.1042; 0.3550; H,O 0.0646 gr. 
for Cy6Hy,: C = 93.21 ; H = 6.78 %. 


oxidizing this substance with strong chromic acid glacial acetic 
acid, the same monocarboxylic acid that obtained the oxidation 
tectoquinone, resulted. Furthermore, showed lowering its melting 
point admixture with the hydrocarbon obtained the reduction 
tectoquinone, and its other behaviours towards bromine picric acid 
agreed perfectly with those the hydrocarbon above-mentioned. From 
these, appears probable that this hydrocarbon must have been formed 
during the process dry distillation from tectoquinone through the reducing 
action carbonaceous matter, that should represent 
cene, although the analytical data are not satisfactory enough. 


Oxidation Tectoquinone. Gr. tectoquinone was dissolved 
300 boiling glacial acetic acid and then solution gr. chromic 
acid suitable quantity the same solvent was gradually added unto the 
boiling mixture and kept boiling for two hours until the solution assumed 
pure green colour. The whole solution was then cooled and the canary- 
yellow coloured needle crystals thereby precipitating were filtered the 
pump. evaporating the mother liquor, another crop the same crystals 
was obtained, the total yield amounting gr. After several recrystalli- 
zations from glacial acetic acid was observed melt 


almost insoluble ether, chloroform, benzene water, but 
moderately soluble hot acetic acid. treatment with zinc 
dust and concentrated aqueous ammonia, displays the characteristic blood- 
red colouration peculiar anthraquinone derivatives, showing that the 
quinone grouping left unaffected throughout the oxidative process. 


Nextly, gr. the acid was intimately mixed with equal amount 
soda-lime and heated test-tube paraffin-bath 290°C., when 
sublimate was seen form the wall the test-tube, which was collected, 
purified recrystallization, and its melting point tested. was observed 
melt 272-274°C. and showed lowering the melting temperature 
admixture with sample pure anthraquinone. follows that the 
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original carboxylic acid represents one the two anthraquinone carboxylic 
acids. 


The Chloride and the Amide the Acid. order identify the 
acid, its chloride and amide were prepared the following way. 3Gr. each 
the acid, phosphorus pentachloride were weighed out into flask which 
carbon disulphide was added and boiled for half hour under 
reflux until the solid matter the flask disappeared. Then the solvént and 
the excess phosphorus pentachloride were distilled off and the residue 
was thrown into cold water. The crystalline solid sesarating thereby was 
filtered, dissolved chloroform, the chloroform layer separated, dried and 
evaporated. The residue was then dried the porous porcelain plate and 
finally recrystallized from glacial acetic acid. The chloride thus obtained 
melted 146-147°C. was readily soluble alcohol, benzene, chlorofcrm 
carbon disulphide, but was only slowly acted cold water alcohol. 
was passed through, the white precipitate forming thereby was filtered, 
washed with hot aqueous ammonia remove the simultaneously produced 
ammonium salt, allowed dry the porous porcelain plate, and then 
recrystallized from benzene. The pure acid amide thus obtained melted 
very sparingly soluble such solvents alcohol, benzene, 
chloroform carbon disulphide, and produces the characteristic blood-red 
colouration treatment with zinc and ammonia water, showing that the 
quinonic structure still left unchanged. 

for the melting points anthraquinone carboxylic acids and their 
derivatives, have the literature, for the and several 
date ranging from 285°C. 292°C. for the 147°C. for the 
280°C. for the a-acid amide,“ and another datum that the 
amide melted higher than With these data not yet sufficient 
determine which the two anthraquinone carboxylic acids represents 
tectonic acid—the acid obtained from tectoquinone, but may certainly 
regarded likely that tectonic acid must either the one the other. 


Preparation Tectonic Esters. 


(a) Methyl Tectonate. One gram tectonic acid was dissolved 
c.c. alcohol, saturated with cold, dry hydrogen chloride, warmed 


(1) Graebe, Leonhardt, Ann., 290 (1896), 231. 

(2) Liebermann, Bischof Ber., (1880), 49; Fischer prakt. Chem., [2] (1909), 558 
Limpricht, Ann., 309 (1899), 122. 

(3) Liebermann, Glock, Ber., (1884), 889, 890. 

(4) Graebe, Blumenfeld, Ber., (1897), 1116. 
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the water-bath for thirty minutes, this treatment repeated again and 
again until all the solid dissolved away warming, filtered while hot, and 
allowed cool. this way the methy] ester was obtained form pale 
yellow crystalline needles melting after purifications. 


(b) Ethyl Tectonate. The ester was prepared exactly the same 
manner described above, using alcohol place for alcohol. 
The crystalline ester obtained melted after purifications 147°C., the 
yield amounting gr. starting from gr. the acid. 


These esters are both very soluble benzene chloroform, also hot 
alcohol hot glacial acetic acid, and show the characteristic colour reaction 
treatment with zinc and ammonia. 

According literature, the ethyl ester anthraquinone-a-carboxylic 
melts 169°C., while that the does 147°C. The melting 
point methyl ester the a-acid reported 189°C., which deci- 
dedly higher than that tectonate. Thus, the identity tectonic 
acid with anthraquinone-carboxylic acid looks very probable. 


Reduction Tectonic Acid. 


(a) Reduction with Zinc and Ammonia. Two grams tectonic acid 
was intimately mixed with gr. dust and was added 
aqueous ammonia under stirring and was warmed the water-bath 
for two hours. The reaction mixture, which first assumed intense 
blood-red colour, gradually discoloured into pale greenish blue, and re- 
markable fluorescence set in. was filtered while hot, and allowed cool. 
acidification, bulky precipitate separated out which gradually passed 
into crystalline needles. was filtered the pump, dried, and recrystal- 
lized from glacial acetic acid. The beautiful yellowish green crystals thus 
obtained, which amounted 1.5 gr., melted 274-275°C. This acid, once 
transformed into its acid chloride and then restored the original acid, 
then its melting point rises 278-279°C., but never repeating simple 
recrystallizations. 


(1) Graebe, Blumenfeld, loc. cit. 
(2) Liebermann, Glock, Ber., (1884), 839. 
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Anal. Subst. 0.1400; 0.4148; 0.0704 gr. 


The data the melting point anthracene carboxylic acid are 
follows. 245°C. for anthracene-a-carboxylic for the 
135°C. for the ethyl ester the These date for the 
and its ethyl ester are good accord with the authors’ substances, the 
product question, viz.—the hydrotectonic acid the table—should 
regarded acid. 


(b) Reduction with Zinc and Acetic Anhydride. tectonic acid 
was boiled with acetic anhydride together with gr. anhydrous 
sodium acetate and 4gr. powder under reflux for minutes. This 
mixture, which first showed yellowish brown colour, soon clarified into 
bluish green fluorescent liquid and deposited quantity tiny orange- 
coloured needles, which after recrystallization from glacial acetic acid melted 


Anal. Subst. 0.1468; H,O 0.0358 gr. 


This substance, dilute solutions alcohol acid, fluoresces 
blue-green. addition alkali the dilute alcoholic solution, acquires 
red tinge, but rapidle fades away give acid. 
has been reported that anthraquinone-a-carboxylic acid treatment 
above, gives the lactone 
whereas the acid under investigation led the formation diacetate 
instead lactone, follows that the present case the group 
must attached the and not a-. 


Derivatives Hydrotectonic Acid. 


(a) Anthracene. 1.5Gr. hydrotectonic acid was carefully mixed with 
soda-lime and was heated test tube the paraffin bath 
300°C. for half hour, the crystalline sublimate thereby forming, was 
collected, recrystallized from alcohol, and resublimed vacuo. melted 
212-213°C. mixing this substance with some pure specimen anthra- 
cene, depression the melting point was perceived. 


Graebe, Blumenfeld, loc. cit. 

Ber., (1883), 2610; Limpricht, loc. cit., Liebermann, Bischof, Ber., 
(1880), 49. 

Scholl, Béttger, Ber., (1929), 625. 


. 
122 
= 
(1) 
(2) 
(3) 


Tectoquinone, the Volatile Principle the Teak Wood. 123 


(b) The Chloride and the Amide. One gram acid 
was treated with phosphorus pentachloride carbon 
disulphide the warm for half hour, and finally the excess the solvent 
and phosphorus pentachloride was distilled off, and the residue thrown into 
cold water. The brilliant golden yellow needles thereby crystallizing were 
filtered, dissolved chloroform, dried anhydrous sodium sulphate, chlo- 
roform evaporated, the residue was allowed drain the porous porcelain 
plate. was found melt 172-173°C. This chloride pretty stable, 
and not acted cold water, but being kept for long time the 
desiccator, being recrystallized from alcohol acetic acid, liable 
transformed back into its mother acid its ester, was quickly 
dried the porous plate, and such stage was found melt 172- 
173°C. 0.5Gr. this acid chloride was treated with ammonia gas ben- 
zene solution when deposit form yellow leaflets separated 
out, which was filtered, washed with water and aqueous ammonia one after 
the other, and finally recrystallized from acetic acid. represented beauti- 
ful yellow-green laminae and melted 293°C. Its solutions alcohol 
glacial acetic acid showed blue fluorescence. 


The melting points anthracene carboxylic acid amides are reported 
256° 260°C. for a-acid amide,” and 293-295°C. for the 
Thus the amide obtained here from hydrotectonic acid most likely identi- 
with acid amide. 


The Reduction Tectoquinone. 


(a) The Reduction means Zinc and Ammonia. Four grams 
tectoquinone and gr. zinc dust were stirred aqueous ammonia (50 
concentrated ammonia and water) the water-bath under 
the blood-red coloured solution gradually bleached course two hours, 
which cooling deposited crystalline precipitate. The precipitate was 
filtered, redissolved glacial acid, refiltered while hot get rid 
excess zinc dust and then allowed cool. Thus, about scaly 
crystals yellowish green colour were obtained from the filtrate. After 
recrystallizations the substance melted with partial sublima- 


(1) Dienel, Ber., (1906), 932 Graebe, Blumenfeld, loc. cit. 
(2) loc. cit. 
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tion. was difficultly soluble cold glacial acetic acid but more soluble 
the hot state. Its dilute solutions displayed green-violet fluorescence. 


One gram this hydrocarbon was dissolved disul- 
phide which calculated amount bromine against Mol.) 
the same solvent was slowly added and stood still. hour 
the reaction was complete, and evaporating off the solvent, about 
yellowish crystalline substance was left behind, which recrystal- 
lization from glacial acetic acid gave needle cryatals bright yellow colour 
melting readily soluble benzene, chloroform carbon 
disulphide. Its dilute solutions also showed green fluorescence. 


According literature, the melting points for anthracenes are 
stated 85-87°C. for the and 202-207°C. for the 
while regards the mesodibromo-compounds find 142- 
and 148°C. for the discrepancies seemingly 
arising from the difficulty purification. the present case, the mother 
Thus should regarded derived from and the datum 
for the bromine compound representing purer specimen. 


(b) Reduction means Tin and Hydrochloric Acid. boiling 
mixture 4gr. tectoquinone, granulated tin, and 
glacial acetic acid, concentrated hydrochloric acid was 
slowly added. After hour, the reduction was complete, and the 
reaction mixture was filtered the pump and the solution was poured 
into cold water. first, oily substance separated out 
which gradually coalesced into crystalline deposit. This substance 
very difficult recrystallize and was impossible purify 
attain the definite melting point. any rate, became indiffer- 


(1) Fischer, Sapper, loc. cit. 

(2) Kraemer, Spilker, Eberhardt, Ber., (1890), Fischer, Sapper, prakt. chem., 
[2] (1909), Lavaux, Ann. chim. phys., [8] (1910), 445. 

(3) Liebermann, Ann., 212 35. 

(4) Ber., (1882), 1822. 

(5) Weller, Ber., (1874), 1186; Fischer, prakt. chem., [2] (1909), 
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ent the colour reaction peculiar the anthraquinone derivatives, and 
showed decided tendency return the original substance keeping 
for long while, regaining the property produce blood-red colouration 
treatment with zinc and ammonia. Thus, was far purified deposi- 
tion from its dilute solution the addition large quantity 
water, the milky fluid produced thereby being stood still for length 
time. repeating such treatment five times, the melting the resulting 


product rose 80-90°C, 


dissolves easily benzene glacial acetic acid, but not 
much alkalies. This feature solubilities together with the tendency 
retransforming into the original substance, well the analytical data, 
agree with the properties methyl-anthrone. the melting point 
methyl-anthrone, there are reported. 


103°C. 


According Barnett and Frederick, the anthrones from 
anthraquinone represent mixture 3-methyl-anthrone-9 and 2-methyl- 
anthrone-9, and the separation these two from one another means 
simple recrystallizations practically impossible. 


(c) Reduction means Zinc and Acetic Anhydride. gram 
tectoquinone was dissolved acetic anhydride which 2gr. 
zine dust and gr. anhydrous sodium acetate were added and the whole 
was boiled under reflux for hour, when the brownish yellow colour 
the initial mixture faded almost completely and slight fluorescence be- 
came perceptible. After cooling, was slowly poured into cold water 
and kept still. The greenish yellow leaflets separating out therefrom, 
after recrystallizations from alcohol, showed melting point 216-217°C., 
agreeing with the data for 
dissolved readily alcohol acetic acid the warm, and the solutions 
fluoresced blue green. 


(1) Liebermann, Manlock, Ber., (1905), 1792. 
(2) Padova, Ann. chim. phys., [8] (1910), 395. 
(8) Barnett, Frederick, Chem. Soc., 1929, 1755. 
(4) Liebermann, Ber., (1888), 1172. 
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This substance, treatment with potash furnished blood-red 
coloured solution which discoloured course time restored into 
tectoquinone again. Such tectoquinone was observed melt 
and seemed represent the substance the highest purity far the 
authors’ experiments are concerned. 


The Nitration Tectoquinone. Into cold mixture concen- 
trated sulphuric acid and concentrated nitric acid, 2gr. tec- 
toquinone was slowly introduced small portions with constant stirring 
and cooling. After all the crystals dissolved away, the whole mass was 
warmed the water-bath when yellow crystals the nitro-compound 
separated out. This nitro-compound was only sparingly soluble most 
the organic solvents and could only recrystallized from large volume 
hot glacial acetic acid. After five consecutive recrystallizations was ob- 
served melt 262-265°C. with decomposition. 


The melting point and the analytical data agree with 


could obtained from this nitro-compound treatment with tin and 
hydrochloric acid and subsequent diazotization etc. 


Summary. 


(1) the volatile crystalline ingredient the teak wood, 
which was isolated Romanis 1887, represents 
quinone. 

(2) Tectoquinone, oxidation, gives tectonic acid, which identical 
with acid. 

(3) Tectoquinone, reduction, gives hydrocarbon ‘tectonene’, which, 

(4) Tectoquinone, treatment with zine and acetic anhydride, gives 
diacetate melting 216-217°C., which 
very easy purify and thus may used for the purpose identifying 
tectoquinone. 


(1) Link, Ber., (1883), 697 Holdermann, Ber,, (1906), 1257. 
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diacetate, treatment with al- 
coholic potash and subsequent exposure the air, regenerates tectoquinone 
highest purity, melting 176-177°C. 


The Department Industry, 
Government Research Institute Formosa, Taihoku. 


ELECTROLYTIC REDUCTION ALKYLPHTHALIMIDES. 
PHTHALIC ANHYDRIDE. 
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Phthalic anhydride was reported give several 
reduction products, such diphthalyl, phthalide, and 
acid, when reduced with glacial acetic acid and 
zine, while Reisert® obtained only diphthalyl lactonic acid reducing 
phthalic anhydride with mixture potassium chloride, alcohol and zine 


dust. comparing these reduction products produced purely chemical 
method with those obtained electrochemical reduction phthalimide 
reported the present writer’s previous communication,® was deemed 
very interesting study how reduction phthalic anhydride really takes 
place electro-chemically. 

experiment conducted with ammonium carbonate solution 
using lead the cathode, reduction phthalic anhydride phthalide was 
observed take place smoothly high temperatures. Evidently phthalic 
anhydride changed into ammonium phthalate before was reduced, and 
the catholyte remained always slightly alkaline till the end the electrolysis. 
Besides lead, metals having moderate overvoltage for hydrogen, such 
nickel and copper could used with nearly the same efficiency. 

Reduction sodium bicarbonate solution was accomplished with 
difficulty. Electrolysis was conducted passing constant current 
dioxide into the catholyte with the object preventing from 
becoming too alkaline. comparatively low temperatures such 30°—40° 
C., small quantity phthalide was produced the reduction product, 
which gradually decreased the temperature rose, till last tempera- 


(2) Ber., (1913), 1484. 
(3) This Bulletin, (1930), 184. 
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tures above 70°C., the reduction completely came toanend. The reason 
why the reduction does not proceed high temperatures not difficult 
find, suppose that too strong alkalinity the catholyte unfavourable 
the reduction. Experimentally confirm whether this supposition 
true not, electrolysis sodium potassium phthalate was once 
itself and once constantly neutralizing greater part alkali set free 
the catholyte with hydrochloric acid. was expected, reduction 
product was formed the former case, while the latter phthalide was 
obtained with moderate yield. 

Reduction phthalic anhydride acid solution was also undertaken, 
but all efforts procure the reduction products turned out fruitless. 

Throughout all experiments the reduction product was always found 
phthalide, and neither oxyphthalide nor other reduction products chemi- 
cally got Wislicenus could isolated. was attempted obtain 
reduction products other than phthalide, controlling the temperature and 
the current density and also using many different metals the cathode. 
All these trials were, however, made vain, producing case, any 
other reduction product. 

Electrolysis was also carried out with the bath previously mixed with 
some phenyl-hydrazine see some intermediated product such oxy- 
phthalide could isolated some form combined with the hydrazine. 
This expectation was also betrayed, nothing but benzyl hydrazine 
been obtained. 


Experimental. 


Ammonium Carbonate Solution the Catholyte. Experiment 
was conducted under the following 


Anode: lead; Anode solution: saturated ammonium carbonate solu- 
tion; Cathode: lead (200 Catholyte: saturated ammo- 
Current density Temperature: 75°—80°C. 

After hour’s electrolysis the catholyte which always remained slightly 
alkaline was acidified with acid and evaporated drive off 
aleohol, whereupon about the white tabular crystal phthalide 
hour’s electrolysis and 96% continuing still hour’s longer. 


Ammonium Phthalate Solution the Catholyte. solution con- 
taining gr. ammonium phthalate was taken the catholyte 
and ammonia water the anolyte, and electrolysis was carried out for 
hours under the conditions cooling the catholyte after acidify- 
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ing with hydrochloric acid, about phthalide were isolated. The 
yield corresponds the theoretical. 


Ammonium Acetate Solution the Catholyte. Five grams 
phthalic anhydride dissolved mixture 10% ammonium 
taking 10% ammonium acetate solution the anolyte. The yield 
phthalide was found 33%. 


Sodium Bicarbonate Solution the Catholyte. was first sup- 
posed that the use sodium bicarbonate solution would suitable for 
the reduction phthalic anhydride, the alkalinity the solution might 
kept nearly unaltered simply passing carbon dioxide the catholyte. 
But soon became clear that such was not really the case. For phthalic 
anhydride hardly soluble saturated sodium bicarbonate solution, and 
aleohol added the catholyte order increase the solubility the 
anhydride, decreases that the bicarbonate. Elevation temperature 
the neighbourhood 75°C. increases the solubility the anhydride, but 
this makes the catholyte strongly alkaline spite constant influx 
carbon dioxide. short, keep phthalic anhydride dissolved saturated 


sodium bicarbonate solution without greatly increasing the alkalinity the 
solution was hardly practicable, and consequently the electrolytic reduction 
phthalic anhydride with this solution produced only very small quantity 
phthalide 20°-30°C., and phthalide 75°C. 


Alkali Phthalate Solution the Catholyte. Soon after electrolysis 
was commenced, the catholyte became strongly alkaline, though carbon 
dioxide was constantly passed into it, and perhaps for this reason reduc- 
tion took place. When, however, the same electrolysis was repeated 
constantly dropping two normal hydrochloric acid into the catholyte 
keep always slightly alkaline, phthalide was obtained with 35% yield. 


Acid Solution the Catholyte. reduction phthalic 
anhydride acid solution was attempted using sulphuric, hydrochloric 
acid, concentrated and dilute. But case could substance 
deemed reduction product procured. 


The writer takes this opportunity warmly thank Professor Motooki 
Matsui Kyoto Imperial University, whose suggestion the work was 
carried out. 


Chemical Institute, Osaka Women’s College, 
Sumiyoshi, Osaka. Feb. 2nd, 1932. 
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the previous was found that for electrolytic reduc- 
tion phthalates electrolysis must conducted higher temperature 
using solution not too alkaline. Now with the object making these 
relations still clearer experiment was first carried out see the influence 
temperature the reduction reaction. 


the catholyte ammonium phthalate solution was taken, and 
this was electrolysed, constant agitation, with lead cathode pas- 
sing current 1.5 amperes for the cathode. Lead was 
also chosen the anode, which dipped the anolyte consisting 
ammonia water. During the course electrolysis the bath was dipped 
water keep its temperature constant, and when the temperature began 
rise degrees higher than the constant temperature, the electric current 
was cut off for while cool the bath again the constant temperature. 
The material yields phthalide after hour’s electrolysis were follows; 


Yield very small 


Smooth reduction thus seen take place only temperatures higher 
than 70°C. 


Next, know the effect the alkalinity the solution the reduc- 
tion, the value the catholyte was constantly observed using Shibata’s 
electrometric titration apparatus prepared Shimadzu Co. Three dif- 
ferent phthalic anhydride solutions, shown the following table, were 
electrolysed for minutes passing current carbon dioxide the 
rate per minute, and during the whole course electrolysis, the 
value the catholyte was observed intervals ten minutes. The 
results are shown Tables and 


(1) This Bulletin, (1932), 128. 
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Catholyte 


Satur. NaHCO, 
Alcohol 
Phthalic anhyd. 


Satur. 
Alcohol 
Phthalic anhyd. 


Water 
phthalate 
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Cathode 


Table 


Anolyte 


lead 

gr. 
gr. 
gr. 


Saturated 


Saturated 


ammonia 
water 


Sodium bicarbonate carbonate 


Time 
electrolysis 
(min.) 


Change value the course electrolysis may traced 


Temp. 


Table 


Yield 


Am./100 


1.5 


mm. phthalide 


Ammonium phthalate 


Temp. 


clearly the following figure. 

the electrolysis the sodium bicarbonate solution, the value 
rapidly increased with temperature, and temperatures favourable for 
reduction, the cathode solution became strongly alkline spite constant 


influx carbon dioxide gas. 


reduced well this solution thus clearly seen. 


Temp. 


The reason phthalic anhydride could not 
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6.33 11.48 9.70 
8.39 8.28 10.35 
9.28 8.26 11.00 
10.98 9.04 11.59 
12.85 9.54 11.61 
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NaliCO» ag + 


- OaNHs)2ag, 


T(min) 


The ammonium carbonate solution behaves quite differently. the 
first stage, the value decreases, and from 40°C. upward increases attain- 
ing maximum value 78°C. From this point begins again 
decrease, perhaps owing the evaporation ammonia, and this manner 
the catholyte becomes very suitable for reduction phthalic anhydride 
the temperature, well the condition the solution. 

the case ammonium phthalate, change the hydrogen ion con- 
centration under temperature comparatively small and gradual, and 
the temperatures favourable for reduction, the value always found 
less than 11. 

From the above results, that value the electrolytic bath suitable 
for reduction phthalic anhydride may roughly estimated lie between 


The writer’s warm thanks are due Professor Motooki Matsui 
Kyoto Imperial University, whose suggestion this work was carried out. 


Chemical Institute, Osaka Women’s College, 
Sumiyoshi, Osaka. Feb. 2nd, 1932. 
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the preceeding paper the the measurement sorption 
amounts and velocities ammonia silicic acid minerals were described. 
the present paper the results measurements are reported silica gel 
prepared vitro. 

The silica gel has been prepared the following manner. Fifty grams 
pure sodium silicate from Merck was dissolved 320 grams water 
obtaining solution specific gravity 1.10. The solution was mixed with 
300 c.c. normal sulphuric acid and the gel allowed set. was then 
washed with water thoroughly remove the sodium and sulphate ions. 
The gel was dried allowing long time open vessel the room 
temperature. 

The dry gel thus prepared was dehydrated evacuating and heat- 
ing. The dehydrated substance was put the measuring apparatus 
sorption. The preparation gases, the apparatus and the method 
measurements were already described the former papers.” The 
experiments were conducted 25°C. and under about one atmospheric 
pressure gas. 


Sorption Ammonia. The silica gel was dehydrated evacuating 
and heating 300°C. for minutes. this treatment, 0.6852 gr. air 
dry gel gave dehydrated substance. The amount water 
evaporated is, therefore, 46.47 The velocity and the amount sorption 
ammonia this dehydrated silica have been measured. The results are 
given Table 

this table, the first column indicates the time minutes after the 
contact gel ammonia, the second the pressure ammonia, and the 
third the volume ammonia sorbed 25°C. gr. the dehydrated gel 
reduced 0°C. and 760mm. pressure. The gel, thus, sorbed about 
c.c. ammonia 25°C. and under atmosphere. 


(1) Sameshima, this Bulletin, (1931), 165. 
(2) Sameshima, this Bulletin, (1927), (1929), 97; (1930), 173. 


Sameshima. 


Table Sorption Silica Gel. 


Time min. Pressure gas mm. 


0.5 762.5 29.00 
762.5 35.14 
762.5 40.19 

762.5 43.29 
762.4 43.64 


762.3 43.96 
185 760.8 44.64 
1470 756.6 45.26 
7315 761.3 45.87 
17370 752.8 46.01 


33225 750.3 46.26 
77760 746.9 46.53 


Now the gel was made desorb the ammonia pumping the gas and 
heating 150°C. Then the second measurement has been done this 
desorbed gel. The results are shown Table 

Table Second Sorption Silica Gel. 


Time min. Pressure gas mm. 


0.5 


9.2 
9.2 
759.2 
759.2 
759.2 


759.2 
759.2 
759.2 
759.2 
758.7 


758.9 
757.8 
765.6 


11520 


Sorption Carbon Dioxide. The velocity and amount sorption 
dioxide the dehydrated silica gel have been measured. The 
results are given Table 


134 
29.93 
41.11 
42.94 
43.20 
43.39 
43.96 
280 
1585 45.02 
45.85 


Sorption Gases Silica Gel. 


Table Sorption Silica Gel. 


Vol. CO, (N.T.P.) sorbed 


0.5 754.7 4.66 
754.7 5.03 
754.7 5.38 
754.7 5.56 
754.7 5.66 


754.4 5.82 
255 753.7 5.93 
1380 753.6 6.08 
2995 756.5 6.16 
11490 759.4 6.27 


34550 761.6 6.34 


82050 761.7 6.40 


Sorption Ethylene. The results measurement ethylene 
dehydrated gel are shown Table 


Table Sorption Silica Gel. 


25°C. gr. gel c.c. 


758.8 3.81 
758.8 3.98 
758.8 4.12 
758.7 4.20 
758.6 


Time min. Pressure gas mm. 


758.4 4.26 
757.9 4.29 
1490 760.4 4.34 
3080 764.4 4.37 
17580 760.0 4.43 


31930 760.0 4.47 
60750 760.0 4.48 
99600 760.0 4.50 


The theoretical discussion the velocity sorption will done the 
next communication. 


Chemical Institute, Faculty Science, 
Tokyo Imperial University. 
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